Nanopharmacoeuticals based on nanomaterials and nanotechnology are medicinal products for drug delivery, nano drugs and nano therapies, in vivo imaging, in vitro diagnostics, biomaterials, and active implants. Nanoscience and nanotechnology in China become ever more consequential in our lives; all members of the scientific community should better inform and educate the public about the great changes this new nano era is likely to bring. Here we review some main advances on the research and development of nanomaterials, nanotechnology and nanopharmaceuticals in China. For nanopharmaceuticals, we focus on the research and application of nanotechnology in anti-cancer drugs, and biological evaluation studies of nanomaterials. Liu is the first among his Chinese peers to apply pharmacokinetics to the research of new drugs. Liu has been in charge f 28 research projects for national key scientific and technological plan, new drug funds and pharmacokinetic study in key projects for National "863" and "973" Plans. Some projects have been listed as the national priority project for key scientific and technological plans, such as "study on the standardization for pharmacokinetics of prodrugs" and "study on the standardization for pharmacokinetics of bio-technical products". In 2003, Liu firstly propose metabonomics studies in China, and organized metabonomics studies of traditional Chinese medicines and bioinformation study. 
Introduction
Nanopharmacoeuticals based on nanoscience and nanotechnology are medicinal products for drug delivery, nanoscale drugs and therapies, in vivo imaging, in vitro diagnostics, biomaterials, and active implants. In the field of nanomedicine, these countries like USA, Japan, Canada, China, India, Korea, Russia, Singapore, and Switzerland firstly started the research on the drug delivery in early 1980-1990s by employing dendritic nano architecture for the controlled and targeted delivery of anticancer bioactivities. Many laboratories and institutions in these countries also initiated the research and development of nanopharmaceutical products since 1990s [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] .
The science of nanopharmaceuticals exploits and builds upon novel research findings in the interdisciplinary area of nanotechnology, biology and medicine; it unifies the efforts of scientists, engineers, and physicians, with the aim of applying their latest research results to translational and clinical medicine by developing novel approaches and a better understanding of solutions to health-related issues, ultimately improving the quality of life. In medicine, improvements in targeted drug delivery, imaging, and therapy can lead to successful interventions to some diseases such as breast cancer, hepatitis, prostate cancer, etc.
However, nanopharmaceuticals, as currently pursued by the scientific community, use nanotechnology as an enabling technology to play an important part in the process of medical innovation. Tissue engineering and regenerative medicine are included as far as biomaterials are concerned. Nanopharmaceuticals will bring about enormous changes in medicine and treatment of patients. The promise and limitation of nanopharmaceutical tools, techniques, and materials in the context of unsolved medical problems will be explored. It will also address questions of sustainability, toxicity, ethics, societal and environmental impact. The debate will start with clinicians reporting the unsolved medical problems in the following fields: cardiology, oncology, neurology/neurosurgery, and dermatology, orphan diseases, orthopaedics and implants, haematology, inflammatory and infections diseases.
In recent years we have been watching the development of nanotechnology and nanopharma-ceuticals, and have paid special attention on its development of risk analysis, safety issues and biomedical evaluations [12] [13] [14] . This review will introduce some main information on China's recent research and development of nanopharmaceuticals based on nanoscience and nanotechnology.
Nanoscience and nanotechnology in China
Nanoscience and nanotechnology in China become ever more consequential in our lives. We, as the members of the scientific community, need to better inform and educate the public about the transformations this new nano era is likely to bring. Like many other countries, we expect that the development of nanoscience and nanotechnology will greatly affect many areas of scientific research and industrial development, and many aspects of our everyday life. Research, development and application of nanotechnology in China can be summed up in three characteristics: the first, China government's support for sustainable development; the second, significant academic achievements; the third, a clear consensus on sustainable development for nanoscience and nanotechnology [15] .
The government's support for sustainable development
When the concept of nanoscience and nanotechnology was firstly introduced in the 1980s, it was received favorably in China. The initial interest was in part stimulated by the development of new tools and techniques, for example, scanning probe microscopes (SPM) which can be used for observing materials on the nanoscale. Soon after the concept began trickle through the scientific ranks, the Chinese Academy of Sciences, the National Natural Science Foundation Commission of China, and the State Science and Technology Commission (the Ministry of Science and Technology) began support nanoscience-related work and activities. China also has helped those who work in nanoscience and nanotechnology to develop their sense of being part of a new research and development community. For example, since 1990, dozens of international and domestic conferences in the field of nanoscience and nanotechnology have been held in China. These conferences addressed a wide range of topics in nanoscience and nanotechnology and attracted wide attention and public interests. In the 1990s, support for the development of nanoscience and nanotechnology increased substantially, largely by several major initiatives. For example, in 1990, State Science and Technology Commission of China launched the nearly decade-long "Climbing Up" project on nanomaterial science. In 1999, the Ministry of Science and Technology of China started a national basic research project (-973‖ Plan) entitled "Nanomaterial and Nanostructure", and has been providing budgets for basic research on nanomaterials such as nanotubes, quantum dots, nanosensor, etc. China National High Technology Plan (-863‖ Plan), which encompasses many categories of technology, has included a series of projects for nanomaterial applications. From 1990 to 2005 alone, over 1200 projects were implemented. In addition, during this period, the National Natural Science Foundation of China approved nearly 1000 small-scale projects associated with nanoscience and nanotechnology. With so much projects of the nano-related research and development going on in so many different places in China, in 2000, we set up the National Steering Committee for Nanoscience and Nanotechnology to oversee national policy and plans in these arenas. [13] [14] [15] During the Ninth Five-year Plan period (1996) (1997) (1998) (1999) (2000) , the national -863‖ Plan supported by China government started the projects of improving nanobiotechnology. During the Tenth Five-ynaear period (2001) (2002) (2003) (2004) (2005) , national -863‖ and -973‖ Plans and the National Natural Science Foundation of China supported those researches of nanoscience, nanotechnology, and nanomedicines as priority subjects China spent 1500-2300 million RMB on nanotechnology research from 2001 to 2005. It is estimated that about five percent of the budgets is spent on nanobiotechnology and nanomedicine related projects. During the Eleventh Five-year Plan period (2006) (2007) (2008) (2009) (2010) , the state is to increase markedly the support for nanoscience and nanotechnology research, China has spent 3000-4000 million RMB on nanotechnology research and development.
Significant academic achievements
Moving forward in nanoscience and nanotechnology requires a particularly wide spectrum of skills and knowledge. The demand for multidisciplinary research platforms with components assembled from academia and industry and that also have educational functions has become especially strong in recent years. According to incomplete statistics, more than 50 universities, 50 institutes and over 300 industry enterprises in China have engaged in nanoscience and nanotechnology research and development, involving in more than 3000 researchers across China. In order to move forward and become more competitive in nanoscience and nanotechnology, China needs to continue to expand its nowlimited research infrastructure. In some areas such as nanoscale devices with novel electronic and optoelectronic features, the efforts to consolidate resources to tackle key technological issues are under way. Efforts have also been made to pursue industrial-scale production of nanomaterials, such as carbon nanotubes, polymeric nanocomposites, and nanoparticle materials, with the intention of opening up opportunities for new businesses to sprout and grow. The nanoscience and nanotechnology community in China has made remarkable advances across the research and development spectrum, from fundamental scientific research to researches associated with the potential societal applications of new nanotechnologies. China still has a long way to go to improve the overall competitiveness of its nanoscience and nanotechnology enterprise [12] [13] [14] [15] .
The scientific output of Chinese scientists in the field of nano research is becoming ever more and more significant. According to the Scientific Citation Index, the Chinese Academy of Sciences ranked fourth in the world in total number of citations among those institutions and universities that published more than 100 nanotechnology papers from 1992 to 2002. Another recent analysis of nanoscience productivity around the world ranked China at the top for the first 8 months of 2004. This should not be the reason for Chinese research community to be over-optimistic, however. The volume of published papers is only one of indicators of the value of research. Another available indicator is the impact factor, or the number of citations per paper. From 2001 to 2003, the number of citations per nanotechnology paper published by scientists in the United States, Germany, Japan, and China was about 6.56, 4.54, 3.7, and 2.28, respectively [15] .
Since 2006, the total number of Chinese basic research papers on nanoscience and nanotechnology and total number of citations have put the second position in the world; tightly follow after the United States. According to incomplete statistical data from 2004-2008, Chinese scholars also published a large number of nano-research papers (more than 1000) in Chinese academic journals. Nanobiotechnology in Hong Kong, an interdisciplinary science, combines physical laws, chemical procedures and biological principles together at the nanoscale. The recent establishment of the nanobiotechnology group in the University of Hong Kong has been looked as the first step to speed up the research in this field. The group has identified eight topics in which the University has approved research strengths, and will be seeking to develop these topics to internationallycompetitive levels. Four teams have been looking into DNA electronics, microfluidic devices for disease monitoring, the use of nano-metals/metal compounds for clinical applications, and the use of bio-polymeric materials for drug delivery. The fifth team is to develop techniques to exploit magnetic nanoparticles by using them as contrast agents in magnetic resonance imaging; and using lanthanide oxide nanoparticles as probes to detect bio-macromolecules. The sixth team is developing nanoindentation technologies for measuring the microstructures of biological tissues. The seventh team is investigating cellular and subcellular mechanics. Finally, the eighth team is exploiting recent advances in electrospinning technology to developing nano-and micro-fibers for tissue engineering applications. With the fast advances of inter-department and international collaboration, we hope to promote and expand nanomedicine in our community [3] .
Sustainable development in nanoscience and nanotechnology
Facing the arduous difficulties in nanoscience and nanotechnology research, and the risks of nanomedicine/nanopharmaceutical industry, I suggest that we should pay attention on the four-oriented development in the area, according to China's national conditions. The first is the practice research-oriented, combining basic research with application. The second is to set up different professional disciplines for the research bases and to strengthen the efficacy, safety, and the industrialization, and feasibility study of nanopharmaceuticals in order to ensure sustainable development. The third is to focus on solving the challenging problem of the difficult implementation, and breakthroughs in nanoscience and nanotechnology. The fourth is to investigate the complexity in research and development of the new technologies required to support with long-term development, and to know the risks for technological transformation into industrialization [13] .
Advances on research and developpment

Considerations for applications of nanopharmaceuticals
According to the data associated with the application research of nanotechnology in medicines, the most active area in medical research mainly focused on anticancer drugs, cardiovascular drugs and nervous system drugs.
Anti-cancer drugs: With regard to cancer diagnostics and treatment, nanotechnology-based in vivo diagnostic approaches and nanotechnology-based drug delivery systems (NDDS) are under development. For example, nanotechnology-based cancer diagnostics are developed with the aim of monitoring the therapeutic effects of drugs. Such a therapy-specific monitoring is expected to prove the efficacy of a drug within days compared to weeks or months with currently available diagnostic methods. For cancer therapies, some effective treatment drugs are found. The important research direction in nanomedicine is the development of NDDS for anticancer drugs that result in drug accumulation at the tumour site and in that way reduce side effects. This is due to the fact that medicine nanotechnology aims to improve and optimize material properties for their interaction with cells and tissues, to allow passive tumor targeting, crossing the blood-brain barrier, or to improve the bioavailability.
NDDS are a sub-class of advanced drug delivery systems that consists of drug carriers. Examples for NDDS are liposomes, nanosuspensions, polymeric nanoparticles, dendrimers, fullerenes, carbon nanotubes, and inorganic nanoparticles. According to experts, the benefit of NDDS for the patient will be less side-effects and improved efficacy of drugs, and the possibility to treat diseases and disease stages that currently cannot be treated with conventional drugs. The early development stage of NDDS based on nanotechnology is to increase the solubility or to concentrate drugs in the diseased tissues by physical effects. Up to date, the products will try to tailor pharmacokinetic properties of drugs and therewith also enhance their efficacy. Further, the whole research field of NDDS is still in its infancy compared with small molecule drugs or even biologics to increase the efficacy of drugs.
Cardiovascular drugs: Cardiovascular diseases are the leading cause of death in the world with 30% of the projected death ratio. Due to the high number of patients with cardiovascular diseases, even small cost effects on an individual case basis will result in large cost impacts, if the whole affected population is taken into consideration. Some nanotechnology-based diagnostic tests for stroke patients may offer a potential for cost reductions. Effective prevention strategies for these high risk patients could result in reduced costs for intensive care and rehabilitation for stroke patients. The contrast agent is based on nanoscale perfluorocarbon emulsion particles and is currently in a preclinical development stage.
Nervous system drugs: In the diagnostic group of nervous system diseases, NDDS are in the course of development, and are able to transport drugs across the blood-brain barrier.
Achievements in research of nanopharmaceuticals in China
Nanotechnologies, especially nanomedicine including nanopharmaceuticals, are advancing significantly day by day. Nanoparticles are being already used in many products (mainly in cosmetics), but other spheres such as pharmaceutics and general medicine are slowly applying nanotechnology standards. The key issues of druggablity of nanopharmaceuticals are drug targeting and safety. The drug delivery system is to make the life-saving drug available in that part of the body where it is required the most. However, most of the time, these systems fail to work efficiently because the particles of the drug are too large for the cells to absorb, or they are insoluble or they have the potential to cause tissue damage. Due to their exceedingly small size, nanoparticles are easily taken up by the cell. Moreover, they are completely soluble and they do not also damage the tissues. Nanoscience and nanotechnology and their applications in China have developed rapidly. From basic to application, Chinese researchers have published a lot of papers [11, 16-24, 36-43, 45-50, 52] . However, the number of nanopharmaceutical research papers are still not too many, limited progress have made in the new promising applications of nanotechnology research and development. From the limited literature information, the advances of nanotechnology research and applica-tion in anti-cancer drugs and biological evaluation studies are also reviewed herein.
Biopharmaceutics and therapeutic potential of engineered nanomaterials
Engineered nanomaterials are at the leading edge of the rapidly developing nanosciences, and are an important class of new materials with specific physicochemical properties different from bulk materials with the same compositions. The potential of nanomaterials is rapidly expanding with novel applications constantly being explored in different areas. The unique sizedependent properties of nanomaterials make them very attractive for pharmaceutical applications. Investigations of physical, chemical and biological properties of engineered nanomaterials have yielded very valuable information. Cytotoxic effects of certain engineered nanomaterials towards malignant cells have become the basis for one aspect of nanomedicine. It is inferred that size, three dimensional shape, hydrophobicity and electronic configurations make them appealing subjects in medicinal chemistry. Their unique structures coupled with immense number of derivatizations provide a solid basis for exciting developments in therapeutics.
It has made progress to address the fate of absorption, distribution, metabolism and excretion (ADME) of engineered nanoparticles in vitro and in vivo. It updates the distinctive methodology used for studying the biopharmaceutics of nanoparticles. Liang et al's review addressed the future potential and safety concerns and genotoxicity of nanoparticle formulations in general. It particularly emphasizes the effects of nanoparticles on metabolic enzymes as well as the parenteral or inhalation administration routes. Herein I focus on the potential of nanomedicine by discussing biopharmaceutics of fullerene derivatives and their suitability for diagnostic and therapeutic purposes. Future direction is discussed as well [11] .
Bio-distribution and biodegradation
Drug targeting distribution of nanopharmaceuticals is an impart ant for selecting pharmacodynamic and pharmacokinetic charasitictcs. Cytostatics are bonded to the iron oxides. This form of administration, also known as sluicing, is particularly suitable for cytostatics, since the intention is to achieve a high concentration of the cytostatic at the target site (site of the tumor), but to minimize the harmful effect in the rest of the tissue [35] .The toxicity of currently available anticancer drugs and the inefficiency of chemotherapeutic treatments, especially for advanced stages of the disease, have limited the optimization of clinical drug combinations and effective chemotherapeutic protocols. Nanomedicine allows the release of drugs by biodegradation and self-regulation of nanomaterials in vitro and in vivo. Nanotechnologies are characterized by effective drug encapsulation, controllable self-assembly, specificity and biocompatibility as a result of their own material properties. Nanotechnology has the potential to overcome current chemotherapeutic barriers in cancer treatment, because of the unique nanoscale size and distinctive bioeffects of nanomaterials. Nanotechnology may help to solve the problems associated with traditional chemotherapy and multidrug resistance [16] .
Successful development of safe and effective nanoprobes for tumor targeting and selective therapy is challenging task. In recent years, gold nanorods (GNRs) have attracted considerable attention for their unique properties in photothermal therapy [36] Cui et al's study showed highly selective targeting and destructive effects on the cancer cells and solid tumors under nearinfrared laser irradiation. Mouse models loaded with melanoma A375 cells were established, and the biodistribution of RGD-dGNRs was showed in this model (Figure 1 ). They successfully observed the disappearance of tumors implanted in four sample mice from test group of ten. High-performance RGD-conjugated dendrimer-modified GNR nanoprobes exhibit great potential in applications such as tumor targeting, imaging, and selective photothermal therapy [37] .
With the rapid development of quantum dot (QD) technology, water-soluble QDs have the prospect of being used as a biological probe for specific diagnoses, but their biological behaviors in vivo are little known. Our recent in vivo studies concentrated on the biokinetics of QDs coated by hydroxyl group modified silica networks (the QDs are 21.3±2.0 nm in diameter and have maximal emission at 570 nm). Male ICR mice were intravenously given the water-soluble QDs with a single dose of 5 nmol/mouse. Inductively coupled plasma-mass spectrometry was used to measure the (111) Cd content to indicate the concentration of QDs in plasma, organs, and excretion samples collected at predetermined time intervals. Meanwhile, the distribution and aggregation state of QDs in tissues were also investigated by pathological examination and differential centrifugation. The plasma half-life and clearance of QDs were 19.8±3.2 h and 57.3±9.2 mL·h -1 · kg -1 , respectively. The liver and kidney were the main target organs for QDs. The QDs metabolized in three paths depending on their distinct aggregated states in vivo. A fraction of free QDs, maintaining their original form, could be filtered by glomerular capillaries and excreted via urine as small molecules within five days. Most QDs bound to protein and aggregated into larger particles that were metabolized in the liver and excreted via feces in vivo. After five days, 8.6 % of the injected dose of aggregated QDs still remained in hepatic tissues and it was difficult to clear this fraction of QDs [42] .
Liang et al presented that the future potential and safety concerns and genotoxicity of nanoparticle formulations in general. It particularly emphasizes the effects of nanoparticles on metabolic enzymes as well as the parenteral or inhalation administration routes of nanoparticle formulations [30] . 
Doxorubicin PEG-PE-nanoparticles
Solid tumors account for more than 85% of cancer mortality. To obtain nutrients for growth and metastasis, cancer cells must grow around existing vessels or stimulate formation of new blood vessels. These new vessels are abnormal in structure and characterized by leakage, tortuousness, dilation, and a haphazard pattern of interconnection. Tumor structure and blood flow hinder the treatment of solid tumors. To reach cancer cells in optimal quantity, a therapeutic agent must pass through an imperfect blood vasculature to the tumor, cross vessel walls into the interstitium and penetrate multiple layers of solid tumor cells. Recent studies have demonstrated that poor penetration and limited distribution of doxorubicin in solid tumors are the main causes of its inadequacy as a chemotherapeutic agent.
Liang W et al research results on doxorubicincontaining PEG-PE micelles are an important contribution to nanomedicine development (which is called -nanoparticles carry chemotherapy drug deeper into solid tumors‖). Encapsulation of doxorubicin into PEG-PE micelles increased its accumulation and penetration in tumors in terms of both the percentage of cells that were reached by the drug and the intracellular levels that were attained. This increased accumulation and penetration can be attributed to the efficient internalization of the drug-containing micelles by the endocytotic cell uptake mechanism and enhanced permeability and retention of tumors with leaky vasculature. High intracellular retention is especially important because doxorubicin must be internalized into tumor cells to realize the effective therapy for tumors. The doxorubicincontaining PEG-PE micelles had greatly increased antitumor activity in both subcutaneous and lung metastatic LLC tumor models compared with free doxorubicin. However, mice treated micelle-encapsulated doxorubicin showed fewer signs of toxicity than those treated with free doxorubicin. This drug packaging technology may provide a new strategy for design of cancer therapies [43] . J Natl Cancer Inst gave a high evaluation for their research [44] .
Wei et al carried out study on comparative pharmacokinetics of nanoparticle mic3lle-encapsulated doxorubicin (M-Dox), liposome encapsulated doxorubicin (L-Dox0 with general doxorubicin (G-Dox). Their results indicated that M-Dox had similar pharmacokinetic characteristics to G-Dox, but L-Dox was significant different from G-Dox, which had smaller Vd and CL, and higher AUC based on plasma level than those for G-Dox [45] . Our laboratory studied the accumulation of doxorubicin nanoparticles in tissues of tumor-bearing mice. Compared with general doxorubicin preparation, which is a marketed product, nanoparticle micelle of doxorubicin has the similar pharmacokinetics in the tissue, and the similar concentrations in the tumor tissue. However, the accumulation of doxorubicin in the heart, spleen, kidney, lung, tumor, muscle and skin decreased significantly after three intravenous injections, showing that the nanomicelle can improve the elimination of doxorubicin in most tissues. It is deduced that the sideeffects of doxorubicin after clinical use may be reduced significantly [46] .
Vinorelbine nanomicelle
Vinorelbine is a vinca-alkaloid obtained by chemical semi synthesis. Vinorelbine inhibits microtubule assembly, and thus its activity is cell cycle specific. Clinically, vinorelbine is a potent anti-cancer drug widely prescribed for advanced non-small-cell lung cancer and advanced breast cancer. Like most of conventional chemotherapeutic agents, vinorelbine is distributed nonspecifically in the body where it affect both cancerous and normal cells, thereby resulting in excessive toxicities and limiting the dose achievable within the tumor. The novel LC-ESI/MS and LC-ESI/MS/MS methods for the quantification of vinorelbine in biosamples have been developed and fully validated. The thesis aimed to study the preclinical pharmacokinetics of vinorelbine nanomicelle (M-VRL) and free vinorelbine (F-VRL) in rats and mices by LC-ESI/MS and LC-ESI/MS/MS, to exactly predict the transformation of vinorelbine in human, to rationally evaluate the efficiency and security of vinorelbine, and to offer some references and inspirations for the clinical studies [47] . Nanomicelle, by using both passive and active targeting strategies, can enhance the efficacy and reduce the toxicity of antitumor agents.
Paclitaxel magnetoliposomes
Paclitaxel, belonging to the taxane class of anticancer agents, perhaps is the most important chemotherapeutic agent against cancer over several decades. In clinical trials, paclitaxel has been successfully used for the treatment of ovarian, breast, lung, and head/neck cancers and AID Srelated Kaposi sarcoma. To improve the water solubility of paclitaxel and explore the best type of paclitaxel liposomes, lyophilized paclitaxelloaded negatively charged and magnetic liposomes were evaluated for their preferential presentation to the tumor under neoplastic condition, and enhanced drug level in tumor and plasma, as well as decrease of drug uptake in heart, liver, and spleen.
Zhang et al reported the results on in vitro and biological evaluation of lyophilized negatively charged paclitaxel magnetic liposomes as a potential carrier for breast carcinoma via parenteral administration [48] . Pharmacokinetic studies showed that encapsulation of paclitaxel in magnetoliposomes produced marked difference over the drug in Cremophor EL/ethanol pharmacokinetics, with an increased t 1/2 19.37 h against 4.11 h. For in vivo distribution, paclitaxel concentration of lyophilized magnetoliposomes in the tumor was much higher than that of lyophilized conventional liposomes or Cremophor EL/ethanol, whereas in heart it was much lower than the latter two formulations via s.c. and i.v. administration. Lyophilized paclitaxel magnetic liposomes showed more potency on the therapy of breast cancer than other formulations via s.c. and i.p. administration. This study demonstrates that paclitaxel magnetoliposomes can effectively be delivered to tumor and exert a significant anticancer activity with fewer side effects in the xenograft model.
Cui et al successfully prepared anti-HIF-1a antibody-conjugated NMs filled with paclitaxel (PTX), and confirmed the prepared nano-drugs can target specifically and selectively kill MGC-803 cancer cells, markedly decrease the toxic side-effects of PTX. Because of intensive expression of HIF-1a in almost all cancer cells, and Pluronic P123 polymer being capable of inhibiting MDR, this unique nanopharmaceuticals, anti-HIF-1a antibody-conjugated NMs filled with PTX, exhibit attracting technological prospect, and have great potential in tumor molecular imaging, and targeting therapy in near future [41] .
Micelle-Encapsulated Alprostadil
Alprostadil (APL) is endogenous substance that is able to dilate vessels, to inhibit platelet aggregation, therefore, potentially be active for the treatment of chronic arterial obstruction and microcirculation disturbance. However, because of its weak stability in biological matrixes, new delivery systems such as nanoparticle micelle needed to be designed. Li et al studied the pharmacokinetics and tissue distribution of micelle encapsulated alprostadil (M-Alp) and free alprostadil (FAlp) by intravenous injection of 200 μg/kg in rats. The pharmacokinetic results showed that the Apl was eliminated quickly with half-life time of 4.39 min and 4.76 min, for M-Apl and F-Apl, respectively. The tissue distribution results indicated that the novel M-Apl tended to accumulate into tissues such as heart, liver etc. This nanocarrier assembling technology may provide a new strategy for delivery of Apl for the treatment of chronic arterial obstruction and microcirculation disturbance [49] .
Challenges of research and development of nanopharmaceuticals
Risk issues
The introduction of nanomedicine including nanopharmaceuticals into clinical practice has already produced Figure 2 . The risks of nanomedicine development its first successes. Beginning with the basics, the subject is developed to potential clinical applications, many of which are still at an experimental stage. However, its use in humans is only possible in a few areas today, and numerous hurdles still have to be overcome through the research and development of outstanding solutions. Important components of nanomedicine such as nanodiagnostics and nanopharmaceuticals are covered extensively.
Many nonomedical scientists, pharmaceutical personnel, as well as physicians, hope that the descriptions of the technology involved and other medical terminology are kept as clear and simple as possible. Due to the early stage development of nanotechnology, these are mainly deliberations about possible social and ethical issues for nanotechnology in general. The majority of these analyses relate to nanotechnology in their entirety, the different analysis of certain application areas or subfields of nanotechnology or of specific product lines has just started recently. Generally two forms of application of nanoparticles need to be distinguished with respect to exposure and possible health risks: (1) Nanoparticles bound into a chemical matrix, such as a polymer or a metal. Unless nanoparticles are released due to chemical processes, these materials are generally considered as safe; and (2) Free nanoparticles in the air or in fluids that can be taken up by the body via the lung, skin or the intestinal tract. To obtain market approval, these regulations require a risk assessment and management, whereas the regulatory requirements must be sufficiently rigid to ensure safety and quality of the medicinal products.
As like Figure 2 , the risks of development assessment of nanomedicine mainly come from the following aspects: (1) social, ethical and law issues, (2) environment issues, (3) industry issues, (4) experiment in safety and effective to animals and (5) human health in medical use.
The research areas of pharmaceutical sciences based on nanotechnology
Nanomedicines represent an emerging field where the nanoscale element may refer to either the size of the drug particle or to a therapeutic delivery system. These therapeutic systems may be defined as a complex system consisting of at least two components, one of which is the active ingredient. In this field the concept of nanoscale is the range from 1 to 1,000 nm. The definition includes polymer therapeutics, which share many characteristics with macromolecular prodrugs such as antibody-conjugates drugs. Nanomedicines can be developed either as drug delivery systems or biologically active drug products. The areas in pharmaceutical sciences that use nanotechnology includes the following aspects: drug discovery, including combinatorial chemistry and synthesis on the molecular and macromolecular scale; nanoanalysis, including bioanalysis using miniaturized probes, microarrays, and lab-on-a-chip approaches; body fluid approaches; drug delivery systems, such as liposomes, nanoparticles, microemulsions, dendrimers, having sizes in the nanometer range; implantable devices that can sense blood levels and automatically administer drugs; nanoscale biomaterials including biomimetic materials; biological macromolecules, such as proteins, enzymes, DNA-and RNA-based nanostructures, molecular assemblies, biomolecules, cells, biochips; molecular sensors and biosensors, clinical diagnostic techniques; and gene delivery and expression. 
Environment safety
Nanotechnology manifests that itself can be used for medical application in a wide range of materials. The unprecedented freedom to design and modify nanomaterials to target cells, chaperone drugs, imaging biomolecular processes, sense and signal molecular responses to therapeutic agents, and guide surgical procedures is the fundamental capability offered by nanotechnology, which promises to impact drug development, medical diagnostics, and clinical applications profoundly [11] [12] [13] .
Engineered nanomaterials are at the leading edge of the rapidly developing nanosciences and are founding an important class of new materials with specific physicochemical properties different from bulk materials with the same compositions. The potential for nanomaterials is rapidly expanding with novel applications constantly being explored in different areas. The unique size-dependent properties of nanomaterials make them very attractive for pharmaceutical applications. Investigations of physical, chemical and biological properties of engineered nanomaterials have yielded valuable information. Cytotoxic effects of certain engineered nanomaterials towards malignant cells form the basis for one aspect of nanomedicine. It is inferred that size, three dimensional shape, hydrophobicity and electronic configurations make them an appealing subject in medicinal chemistry. Their unique structure coupled with immense scope for derivation forms a base for exciting developments in therapeutics. This review article addresses the fate of absorption, distribution, metabolism and excretion of engineered nanoparticles in vitro and in vivo. It updates the distinctive methodology used for studying the biopharmaceutics of nanoparticles.
Up to date, scientists must accept this view that it is still very early in the toxicological evaluation for nanomaterials, nanomedicine and nanopharmaceuticals. The basic tenet of study designed to develop a study system of toxic effects of nanomaterials, nanomedicines/nanopharmaceuticals on biological systems is to understand the physico-chemical characteristics of nanomaterials, and nanopharmaceuticals. Therefore, the approach to address the safety and toxicity of these products will best be conducted via multidisciplinary terms. Many traditional methods and approaches will likely be applicable to study of nanopharmaceuticals.
Nanotechnology research and development is directed toward understanding and creating improved materials, devices, and systems that exploit these properties. In a review, Thomas et al reviewed that a limited subset of products that contain nanoscale materials, assess the available data for evaluating the consume exposures and potential hazard associated with these products, and discuss the capacity of US regulatory agencies to address the potential risks associated with these products [11] . Some of the potential impacts of dermal exposure to nanoscale materials include the following:
(1) enhanced amount and depth of penetration of active ingredients in cosmetic into the skin resulting in increased activity, (2) ingredients that are chemically unstable in air and light (as retinal and vitamin E) may be more readily used in topical products following encapsulation in nanoparticles, and (3) and timed release of ingredients may become more feasible in topical products and could allow for improved effectiveness equivalent to current controlled release orally administered drugs.
Due to the nanotechnology combines with biotechnology, a newly emerging cross-disciplinary field nanobiotechnology becomes the new developing area. As the research and application of nanotechnology, studying and understanding the complex relationship between nanopharmaceuticals and biological system will show special important to environmental, human health and safety. Criticism of the use of laboratory animals for the safety testing of chemicals is increasing, in society as a whole and also in the scientific world. This criticism is not only limited to ethical concerns, but scientific considerations also play a significant role. It should be realized that the animal bioassays presently used in toxicity testing are model systems for the prediction of toxicity in humans or the environment. In the last few decades new technologies and new knowledge have become available. This development is the result of toxicological research and the implementation of new methods and technologies [12] [13] [14] [50] [51] .
In nanotechnology research and development, science and bio-medical evaluation regardless of the environmental health of pre-clinical efficacy and safety, or on the efficacy and safety of patients are very necessary. According to peculiarities of nanopharmaceutical knowledge and our laboratory conditions, As Table1, we propose the following evaluation of research projects and contents include biodistribution, metabolic fate, persistance of non-degradable systems, specific therapeutic issues and immunogenicity.
A dedicated nanotoxicological risk assessment might be necesssary for novel nanopharmaceutical products which should take into account: (1) The biological fate of nanoparticles inlcuding distribution, accumulation and metabolism, (2) Medication-specific uptake routes related to the different routes of administration and the types of nanomaterials used, and (3) Possible side effects, caused by the interaction of nanoparticles with living matter or their transport across biological barriers. Toxicologists warn that health and environmental effects of nanoparticles and exposure of workers need to be investigated. There is consensus among stakeholders that the present level of knowledge is insufficient for risk assessments. The need to (1) Develop harmonised nomenclature and criteria for nanoparticle characterisation, (2) Develop methodologies for routine measurements, (3) Develop equipment and Therapeutic index of nanomedicines and its delivery systems in drug delivery relates to toxicity pf drug payload methods for the determination of the environmental fate of nanoparticles and for the detection in the environment, and for exposure assessment to nanoparticles, (4) Understand toxicity of nanoparticles, and (5) Conduct epidemiological studies is broadly recognized.
Concluding Remark
The nascent field of nanopharmaceuticals science presents an exciting vision of the future. The ultimate goal of this field is to develop novel medical products based on nanomaterials and nanotechnology. Exploring nanopharmaceuticals may lead to understanding of fundamental laws and principles in medical chemistry, biodistribution, metabolism, toxicology, and interaction between nanomaterials-based nanodrugs and cells or tissues, organs. This new knowledge will enable the design and fabrication of a vast variety of nanodrugs and nano delivery systems for early disease diagnosis and therapy [52] . Nanomaterials and nanotechnology have exhibited great markets prospects for commercialization. For example, global market for drug delivery products amounts to U.S. dollar 33 billion per year, with global market for implants up to U. S. dollar 2 billion per year. It is estimated that products with nanoscale features contribute to around 1% of this total at present, and with the rapid dev elopement and potential benefits of nanobiotechnology, this percentage will grow exponentially in the near future. With increasing demand for better health treatments to improve the lifestyle and counter degenerative diseases of the industrialized world, the driving forces for research and development leading to new and better products are obvious. nanopharmaceuticals science based on nanomaterials and nanotechnology will grow quickly, nanoscale medical products will likely improve our healthcare soon.
